Background and Ains-In portal hypertensive patients, transjugular intrahepatic portosystemic shunt (TIPS) acutely increases cardiac output and exaggerates peripheral vasodilatation. It has been suggested that the worsened hyperdynamic state may progress to high output heart failure. The aim was to evaluate the acute and short-term haemodynamic adaptation to this procedure. Methods-Systemic, splanchnic, and
Abstract
Background and Ains-In portal hypertensive patients, transjugular intrahepatic portosystemic shunt (TIPS) acutely increases cardiac output Because TIPS requires neither general anaesthesia nor laparotomy, it provides almost ideal conditions for the investigation of the haemodynamic response to portal decompression. Likewise, the assessment of systemic haemodynamics during the manometric controls routinely performed in the follow up of TIPS (to verify the persistence of effective portal decompression) allows a longitudinal evaluation of the longterm haemodynamic adaptation to TIPS.
In the present study we evaluated the effect of TIPS on the splanchnic, pulmonary, and systemic circulation immediately after TIPS and two months later in patients with a stable portocaval pressure gradient (PCPG) to characterise the process of haemodyamic adaptation after uncomplicated TIPS. The pattern of sequential systemic haemodynamic changes after TIPS should shed light not only on the pathophysiology of portal decompression but ultimately on the mechanisms implicated in the systemic haemodynamic derangements that accompany portal hypertension.
Methods

INCLUSION CRITERIA
A total of 51 patients underwent TIPS insertion between January 1992 and June 1994. Of them, 15 cirrhotic patients undergoing TIPS were included in this prospective study. The inclusion criteria were: (a) a stable haemodynamic condition for at least 24 hours before TIPS placement; (b) the absence of preexisting cardiac failure (clinical examination, electrocardiogram (ECG), chest radiograph, echocardiogram); (c) the absence of renal failure or neoplastic disease, vasoactive medication, and active alcoholism.
Inclusion in the final analysis also required: (a) an uneventful post-TIPS at two months follow up; (b) the absence of a significant change in PCPG (PCPG(2 mO)-PCPG(post-TIps) <3 mm Hg) during the follow up period. PATIENT 
POPULATION
All patients (12 men and three women, mean age 57 (SD 8)); range 49 to 73 years) had cirrhosis established by biopsy. The aetiology of cirrhosis was alcohol related in 10 patients, autoimmune in one, cryptogenic in two, and two patients with HBsAg+. According to the Child-Pugh criteria, there were two class A, eight B, and five C patients. Placement ofTIPS was performed for refractory ascites (n=7), variceal bleeding refractory to endoscopic sclerotherapy (n=7), and bleeding secondary to portal hypertensive gastropathy (n= 1). During this period, 41 patients were excluded from the present study for the following reasons: shunt stenosis (n=9), death within two months (n=8); use of vasoactive drugs (n=5); active alcoholism (n=2); haemodynamic instability before TIPS (n= 15); progressive liver failure (n= 1); hepatorenal syndrome (n=1). The present study is part of a protocol approved by the local ethics committee.
Patients were informed in detail about the procedures and gave written consent. There was a decrease in TPR immediately after TIPS (mean change: -18%; 95% CI -10% to -26%); at two months, it remained lower than baseline (mean change: -20%; 95% CI -9 to -31%) and similar to post-TIPS values. A tendency for MAP to increase after TIPS placement was noted but the difference was not significant; two months later it decreased to a value lower than baseline (mean change: -7%; 95% CI -1 to -13%) but similar to that after TIPS. There were large increases in RAP and WPcP after TIPS (mean change +214% (95% CI +111O/% to 317%) and +245% two months later; it was significantly decreased compared with pre-TIPS values (mean change: -20%; 95% CI: -4% to -36%). 
Discussion
It has been long recognised that cirrhosis is associated with a hyperdynamic circulation characterised by an increased cardiac output and systemic vasodilatation.' It has been hypothesised that this hyperkinetic state might be related to increased concentrations of vasodilator substances not metabolised by the liver such as glucagon, vasointestinal polypeptide, prostacyclins, and nitric oxide; a decreased production of vasoconstrictors by the diseased liver could also play a part.'0
The influence of surgical portocaval shunts on systemic haemodynamics has been evaluated previously' '-3 but interpretation of the data is difficult due to the influence of important confounding variables such as general anaesthesia and surgical stress.
In the present work we found that the increase in cardiac index immediately after TIPS is partially reversed two months after the procedure. Furthermore, the two month haemodynamic evaluation disclosed a dissociation of the TIPS effect on cardiac index and TPR; TPR decreased immediately after TIPS and remained stable thereafter.
Placement of TIPS provides suitable conditions to study the haemodynamic consequences of portal decompression in portal hypertensive patients, based on the absence of other interfacing factors -namely, laparotomy and general anaesthesia. The usefulness of this approach is enhanced if analysis of the haemodynamic pattern after TIPS is restricted to patients free of confounding factors such as infection, active haemorrhage, progressive liver failure, shunt occlusion, or stenosis. To attain the best conditions for comparison, in the present series patients were included only if they were haemodynamically stable at the time of TIPS placement. Similarly, minimal amounts of radio-opaque contrast material and analgesics were used to maintain an adequate haemodynamic baseline. An uneventful post-TIPS follow up period with no changes in hepatic function, unaltered shunt patency, and constant PCPG was also required. We routinely perform the first invasive haemodynamic control two months after TIPS. This time was selected to avoid the initial changes in liver function usually characterised by a transient increase in prothrombin time and serum bilirubin,"4 15 changes which usually regress within four to six weeks. Evaluations carried out after this time point can be blurred by the the progression of the liver disease itself; indeed the degree of liver failure has been shown to be a major determinant of the haemodynamic abnormalities in cirrhotic patients.'6 Placement of TIPS is followed by an immediate increase in the preload due to the delivery of a high splanchnic blood flow into the systemic circulation. In the present study, splanchnic blood flow was found to be almost twice as high as in normal subjects. In addition, shunting abolished the hepatic extraction of gut derived vasoactive substances normally metabolised by the liver. However, some of these substances are still inactivated or excreted by the lungs.'0 This could explain a dissociation in the effects of TIPS on the systemic and pulmonary circulation found after the procedure. Moreover, cardiac performance is impaired in cirrhotic patients`7 irrrespective of the cause of liver disease; in alcoholic cirrhotic patients cardiomyopathy could also influence cardiac function. '8 Thus the haemodynamic effects after TIPS result from a complex interaction between these different variables. It can be hypothesised that immediately after TIPS, the influence of the volume load is predominant, leading to a large increase in cardiac output, and a rise in RAP, PAP, and WPcP with a compensatory vasodilatory response in the systemic and pulmonary circulations. Haemodynamic adaptation then occurs during the two months after shunting. The decrease in cardiac index found at that time reflects an adaptation of the cardiac handling to the volume preload. Peripheral vasodilatation remains present probably due to shunting of gut derived vasodilatory substances; pulmonary vasodilatation worsens because these substances exert their vasoactive action before their inactivation by the lungs.
The relative influence of volume load and of vasoactive substances on systemic haemodynamics can be seen in animals and cirrhotic patients in the following situations. In rats studied in the early phase after portal vein ligation, vasodilatation was present before the rise in cardiac output had occurred.'9 After liver transplantation in cirrhotic patients, peripheral vasodilatation disappears, presumably because the new liver metabolises gut derived vasodilators, but cardiac output remains increased probably related to a residually enlarged splanchnic vascular bed.20
Future studies should be directed at characterising the factors implicated in the haemodynamic changes after TIPS. These include the measurement of vasodilating substances as well as a more detailed assessment of the cardiac function itself. 
